Bio-conversion processes utilizing an immobilized biocatalyst (enzyme) are widely used to synthesize various kinds of medicines or intermediates of ones. The support for enzyme, such as silica, plays an important role in the overall yield of the bio-conversion reaction because the yield is depended on loading capacity of enzymes. In this study, nano-porous silica aerogel and xerogel, suitable for support of enzyme were synthesized via a salt route and the pore morphology, formed in silica, was characterized. Then, Penicillin G-amidase, the enzyme for the bio-conversion process to synthesize an antibiotic, was immobilized on the prepared porous silica and the loading efficiency was investigated in relation to the kinds of silica. As a result, silica aerogel showed much higher loading capacity (83 Units/g) of enzyme then that of xerogel (26 Units/g).
Introduction
Recently, the bio-conversion processes that can replace chemical synthetic processes in the field of medicine production have been widely studied according to the progress of bio-technology [1] [2] [3] [4] [5] . Especially, studies on bio-conversion processes utilizing an immobilized enzyme to produce antibiotics are most active. When an enzyme, which is a kind of protein, is used in bio-conversion reaction, it is necessary to protect the enzyme during the reaction because it has low stability under the chemical and physical attacks. So, by immobilizing the enzyme on the surface of inert supports, the immobilized enzyme could be kept active during the reaction and be reused repeatedly 6) . Porous materials of organic, inorganic or organic-inorganic hybrid compounds are usually used as immobilization supports of enzymes. Among these, inorganic support was developed by H. H. Weetall 7) in 1969 and extensive studies on immobilization yield and enzyme activity under the various reaction conditions have been performed with a given inorganic support 1, 2, 7, 8) . However, the studies on the physicochemical characteristics of silica xerogel and aero-gel support and, especially, on the effect of the xerogel and aerogel on immobilization yield are very few.
In this study, nano-porous silica hydrogel was synthesized via a salt route, and xerogel and aerogel were prepared by different drying methods. The characterizations of silica xerogel and aerogel, including pore morphology, were carried out. The relationships between xerogel and aerogel of the silica, and the immobilization yield of Penicillin G-amidase, which is an enzyme for 6-APA conversion reaction, were investigated.
Experimental
Nano-porous silica hydrogel with 3~25 nm pore diameters, that could be used as supports of enzymes, were synthesized by acid decomposition reaction between sodium silicate (Na2O ⋅ 3.4SiO2) and sulfuric acid(H2SO4). 5N-HCl was added to the Na 2 O ⋅ 3.4SiO 2 in a 5L reactor by a quantitative pump and the overall reactions were controlled by a continuous reaction regulating system. During the acid decomposition reaction, sulfuric acid was supplied excessively to prevent the precipitates from rapid gelling. Fundamentally, these reactions proceeded at room temperature, however the temperature raised to 70°C due to the exothermic re- Accepted 7 November 2005 20051107 action during the process. After the reaction, the precipitates were washed and aged by an auto controlling system under the basic condition (pH = 9) and at 70°C. The silica hydrogel synthesized by the above processes was converted to xerogel by atmospheric drying at 150°C for 24 hours and to aerogel by supercritical drying at 40°C and 100 bar of CO2 for 10 hours. After the drying, surface area and pore volume of the silica gels were measured by the BET method that exploited N 2 gas adsorption. The calculation of pore size in silica was done using the following Wheeler's formula 9, 10) , APD = 40,000(V/S), Here, APD is the average pore diameter in Å unit, V and S are pore volume (ml/g) and BET surface area (m 2 /g), respectively.
For direct chemical bonding with the enzyme, the silica surface was modified. First, 10%-APTES (3-aminopropyltriethoxysilane) dissolved in toluene solution was mixed with 10 g of nanoporous silica and refluxed for 20 hours, then dried for 4 hours at 110°C. And then, 10 g of silica, which the surface modified with amine group, was mixed with 200 ml of 0.1M potassium phosphate buffer solution (pH = 7.5) and 30 ml of 25%-glutaraldehyde solution, then the solution was stirred for 3 hours at 20°C. The sample was washed by de-ionized water to remove the unreacted glutaraldehyde, and it was suspended in 300 ml of 0.1M potassium phosphate buffer solution (pH = 7.5). Ultimately, an immobilization reaction proceeded as follows. Penicillin G-amidase, an enzyme used to produce 6-APA (intermediate of an antibiotic) by bio-conversion process, was added (5 ml) and stirred for 1 hour at 20°C. And, the immobilization yield of the enzyme was measured by HPLC.
Results and discussions
Pore size and surface area of synthesized silica hydrogel by acid decomposition reaction varied with pH and temperature at which the silica undertook polymerization 1) . Also, under the constant pH and temperature condition, pore size was changed with aging. The variations of the average pore size with aging times at constant pH (9) and temperature (70°C) are shown in Fig. 1. Figure 1 indicates that the pore size increased from 12 nm to 24 nm as the time changed from 3 hours to 48 hours. These results agree with the silica polymerization model, which is suggested by Iler 11) . It is considered that the alkaline condition (pH = 9) accelerates condensation and polymerization of silanol groups more effectively than acidic conditions during the gelation reaction.
Besides, synthesized silica hydrogel was dried by different methods such as described in the experimental section. Xerogel, which dried at ambient pressure, has a small pore volume (1.25 ml/gr) while, aerogel, dried at the supercritical condition, has a relatively big pore volume (2.25 ml/gr). And, this tendency coincided regardless of the kinds of silica hydrogel. Generally, silica xerogel dried at ambient pressure and 150°C conditions induce shrinkage of pores due to surface tension acting on interface of pores, so it shows a small pore volume. However, silica aerogel dried at supercritical conditions of 100 bar and 40°C can dry without surface tension, so it could maintain the stable pore structure and, consequently, shows a big pore volume.
Immobilization yields of Penicillin G-amidase on silica xerogel and aerogel are shown in Table 1 , respectively. According to Table 1 , it can be predicted that the immobilization yields are influenced to a great extent by the kinds of silica. As shown in the Table 1 , the immobilization yields of xerogel are very low (26 Units/g) with the pore volume of 1.25 ml/g while, aerogel shows a mark- Fig. 1 Variations of average pore size with aging (at pH = 9, 70°C). 2.25 -edly higher immobilization yield (83 Units/g) with the pore volume of 2.15 ml/g. So, silica aerogel has a higher pore volume and surface area compared to silica xerogel and this fact means that the density of the active site needed for enzyme immobilization is higher. So, it will elevate the possibility of chemical bonding with enzymes. Also, it was found that the silica aerogel has enough space for enzyme immobilization per unit mass and higher pore volume, and it revealed that the silica aerogel is a high functional material for enzyme immobilization which has a higher pore volume and a density of active site.
Conclusion
Enzyme immobilization was carried out using Penicillin G-amidase on silica xerogel and aerogel prepared at different drying conditions. As it turned out, the enzyme immobilization yield of aerogel was relatively higher (83 Units/g) than that of xerogel (26 Units/g). So, it was proven that the enzyme immobilization yields were affected by pore size and volume of the silica. The higher loading capacity of aerogel indicates that supercritical drying method is a useful technology to control the morphology of porous silica hydrogel.
And, we could find that the nano-porous silica aerogel is a good candidate material for enzyme immobilization.
